Abstract. This study aimed to characterize milk coagulation properties (rennet coagulation time, curd-firming time and curd firmness 30 min after rennet addition to milk) and major mineral contents (Ca, Mg, P, K and Na) in Pinzgauer dual-purpose cattle breed. The edited dataset consisted of 7763 milk observations from 851 cows reared in 60 herds in the Alpine area of Bolzano province (Italy). Data were analysed through a linear mixed model which included stage of lactation, parity and their interaction as fixed effects, and cow and herd test date as random effects. Rennet coagulation time, curd-firming time and curd firmness 30 min after rennet addition to milk averaged 22.66 min, 5.53 min and 16.79 mm, respectively. The most abundant minerals were P (1495 mg kg −1 ) and Ca (1344 mg kg −1 ), and the least abundant Mg (141 mg kg −1 ). Compared to their older contemporaries, early-lactating younger animals yielded milk that was more favourable for cheese production (i.e. with shorter coagulation time and stronger curd firmness). Mineral contents were lower in milk of primiparous than multiparous cows, except for Na. Moreover, Ca, Mg, P and Na contents decreased from parturition to peak of lactation and increased thereafter, except for K, which exhibited an opposite trend. Our results showed that Pinzgauer breed produced milk with better coagulation properties and mineral content, from a technological point of view, in first than later parities and in early than late lactation. The characterization of milk coagulation properties and mineral content in autochthonous breeds is important to increase their value and marketability of their products.
Introduction
Autochthonous breeds are important for the conservation of animal genetic resources, the adaptability to their native environment and the ability to exploit natural feeding resources such as grazing (Petrera et al., 2016) . Moreover, they play an important role in the preservation of rural landscapes and in creating a link between their products and the area of origin (Sturaro et al., 2010) . The dual-purpose (dairy and beef) Pinzgauer (PI) breed is a medium-sized local cattle originating from the native red Bavarian cattle. It includes less than 6 % of Red Holstein genetics as a result of crossbreeding with Red Holstein in the past (Caroli et al., 2010) , and is mainly reared in Austria (Salzburg, Tyrol, Carinthia, Styria) , Italy (South Tyrol) and Germany (Bavaria). As reported by Manuelian et al. (2018) , Bolzano province (South Tyrol) accounts for approximately 80 % of the Italian PI population (2104 heads in 2016). Pinzgauer cows are appreciated because of their hardiness, resilience, longevity and adaptability to highland pastures (http://www.pinzgauerrind.at/en/ cattle/pinzgauer-cattle/, 20 January 2018). Milk yield averages 21 kg day −1 and fat, protein, casein and somatic cell score (SCS) average 4.01 %, 3.44 %, 2.72 % and 2.80, respectively (Manuelian et al., 2018) . Full details on PI milk fat composition can be retrieved from Manuelian et al. (2018) .
Milk is the main source of Ca in human diet (Haug et al., 2007; Bonjour et al., 2009; Zamberlin et al., 2012) . Also, Ca, P and Mg are partially bonded to the casein micelles (Gaucheron, 2005; Zamberlin et al., 2012) , influencing mi-celle structure and stability, and thus milk coagulation and curd rheology (Bijl et al., 2013; Malacarne et al., 2014; Petrera et al., 2016; Lucey et al., 2017) . Concentrations of Ca, P and Mg in milk are negatively correlated with rennet coagulation time (RCT, min) and curd-firming time (k 20 , min), and positively correlated with curd firmness 30 min after rennet addition (a 30 , mm) and titratable acidity (Toffanin et al., 2015; Visentin et al., 2018) . Prediction models for major milk minerals have been developed using spectra data recorded through mid-infrared spectroscopy (Soyeurt et al., 2009; Toffanin et al., 2015; Visentin et al., 2016) . This has facilitated the phenotypic characterization of cattle breeds , otherwise impossible for the limitations of the standard methods (laborious, expensive and timeconsuming). Phenotyping local breeds for particular technological and nutritional properties could help farmers to improve marketability of their products and favour their sustainability and conservation. Therefore, the aim of the present study was to assess the phenotypic variation of predicted milk coagulation properties (MCPs) and major mineral contents of PI local cattle breed.
Material and methods

Origin of the data
Routine cow milk testing analyses and milk spectra information from PI cattle reared in Bolzano province (northern Italy) spanning a 4-year period (2011 to 2014) were retrieved from the Breeders Association of Bolzano province (Bolzano, Italy) and the South Tyrolean Dairy Association (Bolzano, Italy). Bolzano province is a mountainous area of the Italian Alps, characterized by small farms with traditional feeding (forage or hay and concentrates), and cows are usually moved to highland pastures during the summer season. Immediately after collection, individual milk samples from monthly milk recording procedures were added with Bronysolv preservative (ANA.LI.TIK Austria, Vienna, Austria), and transported to the laboratory of the South Tyrolean Dairy Association for the analysis.
According to International Committee for Animal Recording recommendations, milk fat, protein, casein, and lactose percentages were determined using MilkoScan FT6000 (Foss, Hillerød, Denmark), and somatic cell count (SCC) was assessed by Cell Fossomatic 250 (Foss, Hillerød, Denmark). Moreover, mid-infrared spectra of the analysed samples were stored to allow the a posteriori prediction of MCPs and mineral contents using prediction models developed by Visentin et al. (2016) . Briefly, in 2014 a reference dataset containing information on 923 individual cow milk samples from several cattle breeds was collected in Bolzano province. The reference analysis for MCPs (lactodynamography) was performed on all samples and the reference analysis for milk minerals (inductively coupled plasma optical emission spectrometry) was conducted on a representative subset of 251 cows. Equations to predict MCPs and milk minerals were built using partial least squares regression analysis, after running an uninformative variable elimination procedure as in Gottardo et al. (2015) . Coefficients of determination (root mean square errors) in external validation were 0.54 (2.90 min), 0.56 (1.22 min), 0.52 (9.00 mm), 0.67 (122.00 mg kg −1 ), 0.69 (120.00 mg kg −1 ), 0.65 (12.50 mg kg −1 ), 0.40 (70.00 mg kg −1 ) and 0.68 (88.12 mg kg −1 ) for RCT, k 20 , a 30 , Ca, K, Mg, Na and P, respectively.
Data editing
The original dataset consisted of 19 726 observations from 1558 PI cows. Only records between 6 and 450 days in milk (DIM), and between parity 1 to 9 were retained. Age at calving of each cow was checked to ensure consistency with parity order of the animal, and cows whose age at calving deviated more than 3 standard deviations (SD) from the respective parity mean were discarded from the dataset. Inconsistent information on milk yield, SCC and MCPs was removed from the dataset, as well as milk composition traits and mineral contents that were outside the range mean ± 3 SD. The SCC was transformed to somatic cell score (SCS) following Eq. (1):
where SCC was expressed as cells µL −1 (Wiggans and Shook, 1987) . Contemporary groups were defined as cows tested in the same herd and date (herd test date, HTD), and HTDs with fewer than three animals were removed from the database, as well as cows with fewer than three observations within lactation. After editing, the final dataset consisted of 7763 observations from 851 cows and 60 herds. Parity averaged 2.75 ± 1.74 and average herd size was 14.18 ± 9.70 cows, ranging from 3 to 40.
Statistical analysis
Milk coagulation properties and mineral contents were analysed through a generalized linear model using the MIXED procedure of SAS v9.4 (SAS Institute Inc., Cary, NC). The model was following Eq. (2):
where y ij klm is the dependent variable, µ is the overall intercept of the model, S i is the fixed effect of the ith class of stage of lactation (i = 1 to 13, the first being a class from 6 to 30 DIM, followed by 11 classes of 30 DIM each, and the last being a class from 361 to 450 DIM), Parity j is the fixed effect of the j th class of parity of the cow (j = 1 to 6, with the last including parities 6 to 9), (S × Parity) ij is the fixed interaction effect between stage of lactation and parity, HTD k is the random effect of the kth HTD (k = 1 to 1206) ∼ N (0, σ 2 HTD ), Cow l is the random effect of the lth cow (l = 1 to 851) ∼ N (0, σ 2 COW ), and ε ij klm is the random residual ∼ N (0, σ 2 e ). Multiple comparisons of least squares means were performed for the fixed effects using Bonferroni's test. Pearson correlations between traits were assessed using PROC CORR of SAS. Significance was established at p < 0.05, unless otherwise indicated.
Results and discussion
Descriptive statistics and correlations
The greatest coefficient of variation (CV) was observed for SCS (66.33 %) and the lowest for lactose content (3.37 %; Table 1 ). Among MCPs, a 30 was the trait with the greatest CV, in agreement with results from other authors (Toffanin et al., 2015; Varotto et al., 2015; Niero et al., 2016) . As expected, milk was richer in K and Ca, and poorer in Mg (Gaucheron, 2005; Soyeurt et al., 2009; Niero et al., 2016; Visentin et al., 2016 Visentin et al., , 2018 . However, among minerals, K concentration showed the lowest CV (8.61 %) and Mg the greatest one (17.59 %; Table 1 ). Considering several breeds reared in Bolzano province, Visentin et al. (2018) reported the greatest variation for Mg and the lowest for P. On the other hand, in Burlina cattle, another local breed reared in mountain areas, the greatest variability in the milk mineral fraction was observed for Na . Compared to the study of Visentin et al. (2018) , Pinzgauer milk showed Ca and Mg contents that were similar to Brown Swiss milk, Na and K contents that were lower than all the breeds included in their study, and P content that was similar to Holstein-Friesian milk.
Phenotypic correlations between the studied traits are reported in Table 2 . We observed moderate to low significant correlations between MCPs and almost all minerals in milk which agreed with Visentin et al. (2018) . Toffanin et al. (2015) have reported significant correlations of a 30 with Ca and P, but not between RCT and Ca and P. Among MCPs, strong and negative correlation was obtained between RCT and a 30 , which was consistent with results of Toffanin et al. (2015) and Visentin et al. (2018) , and moderate negative correlation between a 30 and k 20 , as reported by Visentin et al. (2018) . Among minerals, Ca was moderately positively correlated with Mg and P, which agreed with Petrera et al. (2016) . Phosphorus was moderately positively correlated with K and moderately negatively correlated with Na (Table 2). Casein showed the strongest correlation with k 20 and P, the former being negative and the latter positive. Moreover, Ca and Mg were positively correlated with casein content. These results were consistent with Petrera et al. (2016) and Visentin et al. (2018) . The correlations between casein and Ca, Mg and P were expected because these minerals are partially bonded to the casein micelles (Gaucheron, 2005; Zamberlin et al., 2012) . Negative moderate correlations were detected between k 20 and Ca, Mg and P, and positive correlations between these minerals and a 30 (Table 2) , which agreed with Toffanin et al. (2015) and Visentin et al. (2018) .
Parity and stage of lactation
All fixed effects included in the model were significant in explaining the variation of MCPs and milk mineral contents (Table 3 ). The random factors showed that MCPs, Ca, P and Na were more affected by the animal, whereas rearing conditions affected more Mg and K; in particular, HTD effect explained 85 % of total variance of Mg (Table 3) . Although Zamberlin et al. (2012) and Visentin et al. (2018) have reported a greater dietary effect on K content than on other minerals, they indicated that Mg was not affected by the diet, which disagrees with our results.
No relevant differences were detected for RCT across parities, whereas milk from primiparous cows showed the lowest k 20 and the greatest a 30 (Table 4) . Curd-firming time increased with parity, while a 30 differed only between first and later parity cows. These results partially agreed with Penasa et al. (2014) and Varotto et al. (2015) , who observed shorter RCT and firmer curd in milk of primiparous than multiparous cows. However, Ikonen et al. (2004) reported no effect of parity on MCPs. The greatest Ca, Mg and P, and the lowest Na contents were observed in milk from primiparous cows. Con- tent of Ca and Mg decreased with parity, while Na content increased. The decrease of mineral content while increasing parity could be due to a dilution effect of these minerals as a consequence of increasing milk production. Moreover, the decrease of P and K and the increase of Na could reflect an increment of the capillary permeability in the mammary gland related to an increase of SCS in multiparous cows (Summer et al., 2009 ). In addition, the decrease of Ca could be because multiparous cows are less capable of mobilizing Ca from bone and express fewer intestinal and bone vitamin D receptors (Horst et al., 1994; Moore et al., 2000; Taylor et al., 2008) .
Rennet coagulation time increased until 4 months after calving and reached a plateau in the remaining part of lactation. The k 20 decreased until 9 months from parturition and remained stable thereafter. The greatest a 30 was observed at the onset of the lactation, it reached the lowest values between 1 and 7 months after calving, and increased thereafter. The better MCPs in early lactation agreed with the trend described by several authors (Ikonen et al., 2004; De Marchi et al., 2007; Penasa et al., 2014; Varotto et al., 2015; Visentin et al., 2015) . Concentration of Ca and Mg decreased and then increased until 10 months from calving, while Na increased during lactation until 9 months from calving. For K, the greatest values were observed at the beginning of the lactation, whereas P showed the lowest values between 1 and 4 months of lactation, which agreed with Gaucheron (2005) and Visentin et al. (2018) , who also reported greater values for K and P in early and mid-lactation. The lactation curve could explain differences in milk mineral content across DIM because the lowest mineral content (greatest for K) was observed at the peak of lactation, and the greatest mineral content (lowest for K) at the end of the lactation. Sodium is the major extracellular cation and K is the major intracellular cation; thus, the opposite pattern observed between Na and K across lactation is due to the sodium-potassium pump that regulates osmotic pressure between the cytoplasm of blood cells and milk (Zamberlin et al., 2012) . The lower level for Ca in early lactation could be related to the negative Ca balance during the first weeks after calving because during this period intestine Ca absorption, bone Ca mobilization and feed intake are not at their full potential (Horst et al., 1994) .
Conclusions
Our results showed that parity and stage of lactation significantly affected coagulation properties and mineral contents of milk from PI cattle breed. In particular, PI cows produced milk with more favourable coagulation properties and mineral content, from a technological point of view, in first than later parities and in early than late lactation. Milk coagulation traits were moderately correlated with Ca, Mg and P content, probably because those minerals are included in the casein micelles. The characterization of MCPs and mineral contents, which are relevant economic traits for the dairy sector, is important to increase the value and marketability of local breeds and their products.
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